Studies have been undertaken to determine whether the temperate phage co present in Escherichia coli strain W is responsible for the inability of this strain to act as a host for T2 and T4. E. coli WS, cured of phage c, was sensitive to T2 and T4. Lysogenation of E. coli C and WS with phage X resulted in loss of ability to plate T2 and T4. However, E. coli K-12 lysogens still served as hosts for the T-even phage. Two of three WS lysogens studied resembled strain W at the biochemical level. They converted about 30% of infecting T2 deoxyribonucleic acid (DNA) to acid-soluble fragments and limited macromolecular synthesis to a few minutes after infection. The third lysogen did not degrade phage DNA, and nucleic acid and protein synthesis continued for some time, although no phage production occurred. It is concluded that phage X plays a role in the restriction of virulent phage but that it is not the only factor involved. Since acid solubilization was not observed in all cases of phage cc-mediated restriction of T-even phage, a hypothesis for the restriction has been proposed which is based on an alteration in the cell envelope after lysogenation with phage cc. While performing these experiments, we learned that S. Glover was also investigating the temperate phage co and its participation in the restriction of phage X. The results of his experiments have been published (10, 11).
During studies of the abortive infection of Escherichia coli strain W by T2, it was brought to our attention that this strain is lysogenic (G. Stent, personal communication) and that the prophage might play a role in blocking the propagation of virulent phages. We investigated this possibility by characterizing the temperate phage in strain W and by following the course of T2 and T4 infection of bacteria lysogenized by phage o. We studied in detail a mutant derived from the original E. coli strain W which could be infected by the T-even phages. Temperate bacteriophage were not observed in the culture media of this strain; however, when it was again lysogenized with temperate phage obtained from strain W, it could no longer be infected with T2 or T4. The restriction thereby established resembled that observed in the original E. coli W strain. These experiments are described in this report.
While performing these experiments, we learned that S. Glover was also investigating the temperate phage co and its participation in the restriction of phage X. The results of his experiments have been published (10, 11) .
MATERIALS AND METHODS
Bctcterial straints. E. coli strain W ["Waksman" strain, ATCC 9637 (9) ] and E. coli strain B were obtained from S. S. Cohen of the University of Penn- sylvania. By replica plating, G. Stent (University of California) selected a substrain which was sensitive to T2 from strain W. In this paper, this strain has been called WS. Strain WS has a longer division time in minimal media than strain W but shows the same sensitivity to D-serine which is characteristic of strain W (14) . E. coli strain C (4) was obtained from S. Lederberg of Brown University. E. coli K-12 Hfr Hayes r-m-(referred to in this paper as K-12) was a gift from S. Glover, Hammersmith Hospital, England (8) 
Bacteriophage. T2 and T4 were obtained from S. S. Cohen. The temperate phage from strain W, called co, was obtained by treating an overnight liquid culture with chloroform at 37 C for approximately 30 min followed by centrifugation at 6,000 X g in a Sorvall RC-2 centrifuge. The supernatant fluid containing the phage was stored at 4 C after the addition of Ca+-to give a final concentration of 0.01 M. To obtain high-titer preparations of phage w from E. coli W or from other strains carrying this phage, bacteria were grown in a soft-agar overlay. The phage were extracted from the agar with 0.15 M NaCl and were purified by differential centrifugation.
Bacterial growth contdition2s anid phlage methodology.
Bacteria were maintained on nutrient agar slants. Cultures were grown with aeration at 37 C in Brain Heart Infusion (BHI) broth or in the synthetic medium previously described (18) (6) containing 20 jAg of phosphate per ml and 32p; (specific activity, 0.4 ,uc/pg). After lysis of the cells with chloroform and treatment with deoxyribonuclease and ribonuclease, the phage were purified by a cycle of lowand high-speed centrifugation followed by a second centrifugation at low speed. Bacteria at a concentration of 5 X 108 cells/ml were infected with 32P-labeled phage at the desired multiplicity. To determine the extent of acid solubilization of parental phage DNA, 1-ml samples were removed, at different times after infection, into 0.1 ml of 50% trichloroacetic acid. An 0.1-ml amount of a solution containing 10 mg of bovine serum albumin per ml was then added. After thorough chilling, the precipitate was removed by centrifugation and 0.5 ml of the supernatant fluid was dried in a stainless-steel planchet and counted in a windowless gas flow counter. To correct for phage that failed to absorb to the bacteria, the cells were centrifuged from a sample of the infected culture and the acid-precipitable radioactivity in the supernatant fluid was determined. The amount of 32P-labeled material adsorbed to the cells was calculated by subtracting the radioactivity resulting from unadsorbed phage from the total radioactivity. The amount of acidsoluble material produced was expressed as the percentage of 32P-labeled material adsorbed to the cells that became acid soluble.
Radioactivity determinations. Isotopically labeled compounds were purchased from the New England Nuclear Corp., Boston, Mass., and from the Volk Chemical Co., Skokie, Ill. 32p was obtained from the Squibb Institute for Medical Research, New Brunswick, N.J. To determine the amount of 14C and 3H in the same sample, a Tri-Carb liquid scintillation spectrophotometer (Packard Instrument Co., Inc., Downers Grove, 111.) was used. A Nuclear-Chicago gas flow counter was used for the determination of 32p and for the deoxycytidylate hydroxymethylase assays.
Preparation for electron microscopy. Phage preparations were dialyzed against 1% ammonium acetate for 90 min and were mixed with twice their volume of 2% ammonium molybdate (pH 6.8) or potassium phosphotungstate (15 (Table 1) . Growth on E. coli strains C or K-12 altered the plating efficiency of phage w so that it showed a preference for the strain on which it grew last ( Table 1) .
The phage present in the supernatant fluid from a culture of strain W failed to produce plaques on strain WS. By using this phage to infect strain C and the progeny of this infection (-C) to infect strain K-12, a preparation of w-K-12 was obtained which contained 5 X 107 phage per ml. This preparation gave plaques on strain WS with an efficiency of 10-6. Bacteria growing in the center of these plaques were isolated and tested for lysogeny. The three lysogenic strains studied in detail were resistant to phage cw infection and produced phage co. Phage Electron microscopic examination of a high-titer preparation made by infection of E. coli strain C with phage from strain W showed a bacteriophage-like particle (Fig. 1) . In all preparations examined, collapsed heads and contracted sheaths were observed. The bacteriophage resembled P2 in size and shape (2) The effect of T2 and T4 infection on lysogens of E. coli WS was studied in greater detail. T2 adsorbed to and killed strain WS and its lysogens but the lysogens failed to produce phage (Table  2) . A similar experiment showed that, although T4 infected strains WS and B with the same efficiency, T4 did not readily adsorb to the lysogenic strains derived from strain WS (Fig. 2) (19) to accompany the restriction of rII mutants in K-12 (X). The differences in behavior after infection shown by different bacterial strains lysogenic for the same prophage might arise from differences in cell envelopes and hence the degree of alteration produced by the establishment of lysogeny. This hypothesis accounts for most of the experimental observations and should be testable with the strains described in this paper.
In conclusion, a comparison should be made between the abortive infection of strain W and Shigella (P2). Phage X resembles P2 morphologically, and both of these temperate phages interfere with T2 infection only when they are present in certain bacterial strains (12 It appears that a number of factors are involved in the restriction of T-even phage infection by P2-like phage, and the inter-action of these factors leads to a variety of consequences which makes it difficult to assign cause and effect relationships. Although the most striking effect with strain W and the two WS lysogens was acid solubilization of the infecting DNA, this was not always observed, and a hypothesis consistent with most of the data available is one based on an altered cell envelope.
